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PRELIMINARY BASE PRESSURES OBTAINED FROM THE X-15 ATIRPLANE
AT MACH NUMBERS FROM 1.1 TO 3.2

By Edwin J. Saltzman
SUMMARY

Base pressure measurements have been made on the fuselage,
10° -wedge vertical fin, and side fairing of the X-15 airplane. Data
are presented for Mach numbers between 1.1 and 3.2 for both powered and
unpowered flight. Comparisons are made with data from small-scale-model
tests, semiempirical estimates, and theory.

The results of this preliminary study show that operation of the
interim rocket engines (propellant flow rate approximately 70 1b/sec)
reduces the base drag of the X-15 by 25 to 35 percent throughout the
test Mach number range.

Values of base drag coefficient for the side fairing and fuselage
obtained from X-15 wind-tunnel models were adequate for predicting the
overall full-scale performance of the test airplane.

The leading-edge sweep of the upper movable vertical fin was not
an important factor affecting the fin base pressure.

The power-off base pressure coefficients of the upper movable
vertical fin (a 10° wedge with chord-to-thickness ratio of 5.5 and
semispan-to-thickness ratio of 3.2) are in general agreement with the
small-scale blunt-trailing-edge-wing data of several investigators and
with two-dimensional theory.

INTRODUCTION

Information on full-scale base pressure characteristics is of
interest to the aircraft designer. Many future aircraft, especially
boost gliders, will operate over extremely large speed ranges, from many
times the speed of sound to landing speeds. ©Smooth aerodynamic lines



will sometimes have to be compromised in favor of stability, control, or
propulsion requirements. For some vehicles this will result in blunt
trailing edges on stabilizing surfaces, or, as for a boost glider, a
blunt fuselage base may remain after separation from the final booster.
Such abrupt changes in cross-sectional area add significantly to the
base drag of a wvehicle.

Small-scale base pressure experiments have been performed by many
investigators. The results of several such studies are summarized and
supplemented in reference 1. The X-15 airplane now provides an
opportunity to complement these small-scale tests with full-scale base
pressure data. The X-15 is of interest from the standpoint of base
pressures, inasmuch as: (1) the base area is unusually large, about

80 percent of the total frontal area; (2) data from the 10°-wedge vertical

fin are available, as well as fuselage data; and (3) both power-on and
power-off results can be obtained.

This paper is concerned with the base pressure measured on the
fuselage, side fairing, and the 10°-wedge vertical fin of the X-15
during tests conducted at the NASA Flight Research Center, Edwards,
Calif.

SYMBOLS
A base-element area, sq ft
b/2 semispan, ft
CDb base drag coefficient for each base element, -Cp %
CDb total of base drag coefficients of vertical fins, side fairings,
t and fuselage
AC ={C -({C
Doy (iDbt:Lff (::Dbé>on
CDO overall zero-1ift drag coefficient, é%
Py, =P
Cp base pressure coefficient,
q
CPV absolute limit of base pressure coefficient, zero base

pressure,-—B
q
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c chord of wing, fin, or other appropriate length, ft
D drag force along flight path, 1b

d axial distance forward from mean exhaust exit station to
pressure orifice, in.

h trailing-edge thickness of wing or fin, ft
hP pressure altitude, ft

M free-stream Mach number

P free-stream static pressure, 1b/sq ft

Py base static pressure, 1b/sq ft

q free-stream dynamic pressure, O.7M2p, lb/sq ft
R free-stream Reynolds number, QEE

Reg free-stream Reynolds number per foot, %?
S wing area, sq ft

t maximum wing or fin thickness, ft

\s true airspeed, ft/sec

o angle of attack, deg

B angle of sideslip, deg

Bh horizontal control-surface deflection, deg
8j speed-brake deflection, deg

Oy vertical control-surface deflection, deg
o absolute viscosity, 1lb-sec/sq ft

p air density, slugs/cu ft

A leading-edge sweep angle, deg

Subscripts:

off rocket engines not thrusting (power off)



on rocket engines thrusting (power on) .
1. ..9 orifice numbers (table II)
ATRPLANE

General Description

The North American X-15 is a single-place, low-aspect-ratio
monoplane (figs. 1 and 2) designed for manned flight research at maximum
speeds on the order of 6,600 feet per second. When design speed is
achieved, the X-15 will be propelled by a single XLR99 rocket engine
providing approximately 58,000 pounds of thrust. For the data presented
in this paper the airplane was powered by interim engines, consisting of
a cluster of eight LR11l rocket chambers, which provided a combined
thrust of about 16,000 pounds at flight conditions. Although only about
one-half of the design speed can be obtained with the interim engines,
the performance thus far is in excess of that achieved by any other
airplane.

The X-15 is carried to an altitude of about M5,000 feet by a B-52
carrier airplane and is then launched at a Mach number of approximately
0.8. The interim engines provide slightly more than 4 minutes of
powered flight, after which the airplane glides to a landing on the dry
lakebed at Edwards Air Force Base, Calif.

Base and Exhaust-Jet Details

A view of the airplane from the rear is shown in figure 3, and a
view of the aft portion of the fuselage from left of center is shown in
figure 4. Both of these figures show that the base regions formed by
the closed speed brakes are open to the rear instead of having base
surfaces. In addition, it may be seen in Tigure 4 that, relative to
the fuselage centerline, the four upper chambers are canted up and the
four lower chambers are canted down. This relative inclination amounts
to between 2.0° and 2.5° in the X-Z plane. Also shown in figure 4 is
the relative axial displacement of the fuselage, vertical fin, and side-
fairing bases. For the present tests the jettisonable portion of the
lower vertical fin was attached; however, it is always jettisoned before
landing to provide necessary ground clearance (see fig. 4).

General physical characteristics of the airplane are presented in g
table I. Dimensions pertinent to the present tests are given in the
following tabulation:

CTo<IT
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Power off  Power on
Base-element area, sq Tt:

Upper movable vertical fin . . . . . . . . . b7 b7
Lower movable vertical fin
(jettisonable portion) . . . . « . . . . . 3.4 3.4
Stationary portion of vertical
£ins (DOth) & v v v e v v e e e e e e e 6.7 6.7
Side fairings (both) « « « « v ¢« o « v « . . 4.8 4.8
Tuselage + o ¢ v o ¢ o o o o o« ¢ o 4 4 o e s 11.5 9.5
Total base area, sq@ ft « « « « ¢« v o ¢ ¢« o o & 31.1 29.1
Fuselage boattail angle, deg « o ¢ « ¢ o o o o o o o o . . 6

Upper movable vertical fin, ft:
Mean ChOTA o v & o o o o o o o o o s o o o & o o o o o o 8.46
1

Mean trailing-edge thickness . « « « « o ¢« v ¢« o o o & & 55
Axial distance, d, in.:

Orifices 1, 2, 3, 4, and 9 « « « « v ¢ ¢« ¢ ¢ ¢« ¢« . . 35

OrifiCe 5 v o o o o o o o o o o o s o o s o o o o o » o 10

OTifiCe B v v v v e o 4 v e e e e e e e e e e e e e e 3.5

Orifice T v ¢ ¢ o o o ¢ o o o o o s o s o s s s s s s o 10

Orifice 8 . & & v v v v vt h e e e e e e e e e e e e Ly
Engine:

Number of chambers . « « o ¢ o« o ¢ ¢ o o o o s o o o = =

8
Throat area of nozzles (each), sq in. . . . « . . « . . 4.8
Exit area of nozzles (each), sq in. .« « « « « « « « .« . 35.5
Fxit area of turbine exhaust (one of two), sg in. . . . 3.9
Chamber pressure (nominal), Psi2 . « « o o o + o o o« o & 260
Exit pressure (nominal), Psia . « +« « « o « + « « « « . L tob

INSTRUMENTATION

The location of each orifice used to measure base pressure is
shown in figure 5. Although nine locations are shown, only seven orifices
could be used for each of the two flights on which base pressure data
were obtained (see table II). The orifices were connected to aneroid-
type differential cells mounted in a standard NASA 2l -cell photographic
recording manometer,

Free-stream total pressure and free-stream static pressure were
sensed from nose-boom stations located slightly more than 1 fuselage
diameter ahead of the airplane nose. Other parameters pertinent to this
paper were measured on standard NASA flight data-recording instruments,
and all records were synchronized by a common timer.



ACCURACY

The maximum error in base pressure coefficlent is considered to

be within *0.02.

and 3.

TEST CONDITIONS

The maximum error in Mach number is about *0.02 for
Mach numbers between 1 and 2 and about *0.03 for Mach numbers between 2

Base pressure data were obtained from two flights over a Mach

number range of
to 80,000 feet.
and 2.6 million
numbers for the

1.1 to 3.2 and an altitude range from about 39,000 feet
Free-stream Reynolds number varied between 0.8 million
The following table lists the test Reynolds
various base elements, as well as Reynolds number values

per foot.

for the small-scale model data used later for comparison purposes.

Investigation| Ry X lO_6 R x 10_6 Based on - Reiii;iﬁ?agive
Present tests| 0.8 to 2.6 6.8 to 22.0| Upper movable

(power on and vertical fin 8.46
power off) 38.3 to 124.5| Side fairing 47.90

40.6 to 132.0| Fuselage 50.75

Reference 2 3.8 11.9| Side fairing 3.13
Reference 3 2.7 8.9 | Fuselage 3.28
Reference L4 4.0 to 4.7 3.9 to 4.6 | Fuselage .98
Reference 5 6.2 to 9.6 1.3 to 1.8 | Wing chord .19 to .21
Reference 6 |6.8 to 14.0 1.7 to3.5| Wing chord .25
Reference 7 J--=--cmee-- 1l to 10| Wing chord  |---======--==

The X-15 has many protuberances scattered over the fuselage, and
in some areas of the fuselage and vertical fins the surfaces are wavy.
Unpublished heat-transfer data indicate that with the exception of
localized laminar areas on the wings and lower vertical fin, the flow

over the X-15 was primarily turbulent for the present tests.
measurements made at midsemispan for the upper vertical fin indicate less

than 1 foot of laminar flow near a Mach number of 3.

The jettisonable portion of the lower vertical fin was attached

throughout the present tests.

these tests are presented in table II.

Other conditions which existed during

Preliminary

CTe~H
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DISCUSSION OF RESULTS

Full-Scale Data

The basic data obtained in this investigation and supplementary
information are listed in table II. For the fuselage or the vertical
fin, where more than one pressure was recorded, an arithmetic mean
value of the base pressure coefficient Cp is used in the figures to
represent the respective base element.

In this investigation it was determined that angle of attack was
not a large factor in the definition of base pressure coefficient
(also shown in ref. 1). 1In addition, the effects of Reynolds number
over the test range should be small because turbulent boundary-layer
conditions existed upstream of the bases, as noted in the TEST
CONDITIONS section. For these reasons the basic data in figures 6 and 7
are plotted together irrespective of angle of attack or ‘Reynolds number.

Figures 6 and 7 show the relationship of base pressure coefficient
to Mach number for power-off and power-on conditions, respectively. In
figure 6 it can be seen that extended speed brakes cause the base
pressure coefficients to increase negatively for the vertical fin and
side fairing. Deflection of the speed brakes has little effect on
flow characteristics over the fuselage base, as indicated by the small
change in fuselage base pressure coefficients accompanying speed-brake
deflection.

The data of figures 6 and 7 are faired and compared in figure 8 %o
show the effect of engine operation. It is apparent throughout most
of the Mach number range that engine operation significantly affects
the fuselage and vertical-fin coefficients, but, has a much smaller
effect on the side fairing. The following table gives a brief summary
of these power-on effects:

CPon
Base elements G
Pofrf
M=1.2 M=2.2 M= 3.2
Vertical fin 0.77 0.82 0.88
Side fairing oL 1.07 .2
Fuselage .75 RIS Ry

The changes in the slope of the curve of base pressure coefficient
and Mach number in figures 6 to 8 are believed to be dependent on local
effects. A more comprehensive study with greater control over the
variables would be necessary to verify and explain these slope changes.



The effect of base pressure on the drag of each of the three base-
area elements is shown in figure 9 for power-off and power-on conditions.
Comparison of the two conditions shows that the side fairing contributes
about the same amount of drag regardless of engine operation, whereas
both the vertical-fin and the fuselage bases experience a significant
reduction in drag when the engines are operating.

The total base drag of all of the base elements is presented in
figure 10 for both power-off and power-on conditions. Also shown is
the incremental difference between power-off and power-on total base
drag ACDbt, which is 25 to 35 percent of the total power-off base drag.

The ratio of power-off total base drag CDbt to power-off overall

airplane drag for zero lift Cpy is shown in figure 11. Base drag is
about 45 percent of CDo for a Mach number of 1.2 and decreases to
about 30 percent at M = 3.0.

Comparison With Results of Other Investigations

Wind-tunnel models of X-15.- Figure 12 is a comparison of base drag
coefficients obtained from full-scale flight and X-15 model data. Model
data are available for the fuselage and side-fairing bases, but not for
the vertical-fin base. Comparisons with the side-fairing data of
reference 2 and the fuselage-base results of references 3 and 4 indicate
agreement adequate for predicting the overall full-scale performance of
the X-15 airplane, even though the discrepancy reaches 10 to 15 percent
of the drag coefficient for the respective bases over much of the Mach
number range. The model bases were not dimensionally exact; however,
the model drag coefficients as presented herein are adjusted to base
areas corresponding to exact models.

Blunt~trailing-edge-wing results.- Base pressure characteristics of
the upper movable vertical fin (fig. 3) are compared with two-dimensional
results of other investigations in the following discussion.

Reference 5 discusses possible effects of leading- and trailing-edge
sweep on the base pressure of blunt-trailing-edge wings. Because the
X-15 upper vertical fin has 30° of leading-edge sweep, the effects of
sweep were investigated. In reference 5 it was found that base pressure
data from untapered wings with and without leading-edge sweep correlated
well when plotted as a function of M cos A. An exception was data at
M~ 2 for a tapered delta wing with 45° sweep, which suggested that the
M component normal to the trailing edge may be more important as a
correlating parameter than M cos A. This is shown by the flagged and
unflagged solid symbols in figure 13. A similar result is shown in
figure 13 for the upper movable vertical fin (circular and square
symbols) . The circular symbols are plotted with M cos A as the

¢1e~H
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abscissa, where A for the unflagged circles includes the structural
sweep of the fin and angle of attack and A for the flagged circles
includes only the structural sweep. (The true M cos A should fall
somewhere between the limits established by the unflagged and flagged
circular symbols.) The square symbols are plotted with M as the
abscissa, disregarding both leading-edge structural sweep and angle of
ajtack. As can be seen, the squares provide better correlation with the
unswept experimental results of references 5 and 6, the delta-wing data
plotted against M, and the two-dimensional theory of reference 8.2
This indicates that either free-stream Mach number or the M component
normal to the trailing edge is & more important correlating parameter
than the Mach number component normal to the leading edge. From the
present results it cannot be determined which parameter, free-stream
Mach number or the M component normal to the trailing edge, is the
one most important correlating factor.

The departure of the fin data from the levels of references 6
and 8 (fig. 13) at the higher Mach numbers (also evident in fig. 1k)
may be related to a shock environment originating upstream of the
entire fin. Local-flow effects such as those mentioned in conjunction
with figures 6 to 8 may also be influencing factors.

Because figure 13 showed that the leading-edge sweep of the upper
movable vertical fin was not an important factor affecting base pressure,
the comparisons which follow are made with configurations having no sweep.

Figure 14 compares full-scale base pressure-coefficient data for
the upper movable vertical fin with two-dimensional results of several
investigations. The comparison data include semiempirical estimates
from figure 5 of reference l,b experimental blunt-trailing-edge-wing
data compiled from several sources by Hoerner (ref. 7), and the two-
dimensional theory of reference 8, As can be seen, the full-scale fin
data are in general agreement with all of the two-dimensional comparison
data, although some divergence is apparent at Mach numbers above 2.5.

In contrast, the base pressure coefficient for a body of revolution
without boattail or fins would be about 60 percent of the two-dimensional
values for M= 2,

Another example of the two-dimensional nature of flow over the
upper movable vertical fin is obtained by using reference 6. It was

&This theory is based on the concepts of interaction between the
dissipative shear flow and the adjacent free stream and the conservation
of mass in the wake. Pressure coefficient is referenced to conditions
immediately ahead of the base.

bEstimates are based on an analogy to the peak pressure rise
associlated with the separation of a turbulent boundary layer on a flat
plate caused by a forward-facing step. Pressure coefficient 1s refer-
enced to conditions immediately ahead of the base.
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established in reference 6 that, for a given Mach number, the curve

Py
E; plotted against was sufficient for correlating numerous

c
h(R)l/5
blunt-trailing-edge wings varying in thickness from 5 to 10 percent and
ranging from positive to negative boattail angles. These small-scale \
results representing ratios of semispan to trailing-edge thickness Pég
from 15 to 120 are compared in figure 15 with results from the upper
movable vertical fin which has a corresponding ratio of 3.2. The ratios
of the chord-to-trailing-edge thickness % for the model data varied
from 10 to 80, as compared to a mean value of 5.5 for the upper movable
vertical fin. With the probable increasing use of blunt-trailing-edge
wings and control surfaces in the design of future aircraft, it is of
interest that configurations so different in Pég, %, and scale possess
similar base pressure characteristics.

CONCLUDING REMARKS

A preliminary study of base pressure characteristics for the X-15
airplane indicates that:

1. Operation of the interim rocket engines (propellant flow rate
approximately 70 lb/sec) reduces the base drag of the X-15 by 25 to
35 percent throughout the test Mach number range.

2. Values of base drag coefficient for the side fairing and
fuselage obtained from X-15 wind-tunnel models were adequate for pre-
dicting the overall full-scale performance of the test airplane.

3. The leading-edge sweep of the upper movable vertical fin was
not an important factor affecting the fin base pressure.

k. The power-off base pressure coefficients of the upper movable
vertical fin (a 10° wedge with chord-to-thickness ratio of 5.5 and
semispan-to-thickness ratio of 3.2) are in general agreement with
small-scale blunt-trailing-edge-wing data of several investigators and
with two-dimensional theory.

Flight Research Center,
National Aeronautics and Space Administration,
Edwards, Calif., March 2k, 1961

¢Te-H



H=21D

11

REFERENCES

Love, Eugene S.: Base Pressure at Supersonic Speeds on Two-
Dimensional Airfoils and on Bodies of Revolution With and Without
Fins Having Turbulent Boundary Iayers. NASA TN 3819, 1957.
(Supersedes RM I53C02.)

Franklin, Arthur E., and Silvers, H. Norman: Investigation of the
Aerodynamic Characteristics of a 0.067-Scale Model of the X-15
Airplane (Configuration 2) at Mach Numbers of 2.29, 2.98, 3.9,
and 4.65. NASA MEMO 4-27-59L, 1959.

Frankliin, Arthur E., and Lust, Robert M.: Investigation of the
Aerodynamic Characteristics of a 0.067-Scale Model of the X-15
Airplane (Configuration 3) at Mach Numbers of 2.29, 2.98, and 4.65.
NASA TM X-38, 1959.

Leupold, Mathias J., and Freeman, Elizabeth M.: A Second Series of
Supersonic Force Tests on the Full-Span Model X-15 for North
American Aviation Incorporated. WIR 200, Mass. Inst. of Tech.
(Naval Supersonic Iaboratory), Sept. 1958.

Goin, Kennith L.: Effects of Plan Form Airfoil Section, and Angle
of Attack on the Pressures Along the Base of Blunt-Trailing-Edge
Wings at Mach Numbers of 1.41, 1.62, and 1.96. NACA RM 152D21,

1952.

Chapman, Dean R., Wimbrow, William R., and Kester, Robert H.:
Experimental Investigation of Base Pressure on Blunt-Trailing-
Edge Wings at Supersonic Velocities. NACA Rep. 1109, 1952.
(Supersedes TN 2611.)

Heerner, Sighard F.: Fluid-Dynamic Drag. Pub. by the author
(148 Busteed, Midland Park, N. J.), 1958, ch. XVI, p. 11.

Korst, H. H.: A Theory for Base Pressures in Transonic and
Supersonic Flow. Jour. App. Mech., vol. 23, no. 4, Dec. 1956,

PP. 593-598.



12

TABLE I.- PHYSICAL CHARACTERISTICS OF

Wing:
Airfoil section . . .

Total area (includes 9k. 98 sq

fuselage), sq ft .
Span, ft . . . . . .

Mean aerodynamic chord,

Root chord, ft . . .
Tip chord, ft . . . .
Taper ratio . . . . .
Agpect ratio . . . .

Sweep at 25-percent-chord

Incidence, deg . . .
Dihedral, deg . . .
Aerodynamic twist, deg
Flap -
Type .« ¢ + ¢« ¢« « &
Area (each), sq ft
Span (each), ft . .
Inboard chord, ft .
Outboard chord, ft

Deflection, down, deg .
Ratlo flap chord to wing chord

Ratio total flap area to wing area
Ratio flap span to wing semispan

Tralling-edge angle, deg
Sweepback angle of hinge line,

Horizontal tail:
Alrfoil section . .

.

Total area (includes 63 29 sq

fuselage), sq ft .
Span, ft . . . . . .

Mean aerodynamlc chord,

Root chord, ft . . .
Tip chord, ft . . . .
Taper ratio . . . . .
Aspect ratio . . . .

ft

Sweep at 25-percent-chord

Dihedral, deg . . . .

Ratio horizontal-tall area to wing area

line,

Movable surface area, sq ft .

Deflection -

Longitudinal, up, deg .
Longitudinal, down, deg .
Lateral differential (pilot authority),
Lateral differential (autopilot authority),
Control system . . Irreversible hydraulic boost with artificial feel

3 .

deg

deg

. .

. .

ft covered by

ft covered by

. .

deg

THE AIRPLANE

. NACA 66005 (Modified)

e e e e .. 200
- L] L] L] . . L) L] 22 '36
e e e e e e .. l0.27

S N T e
e e e e e e 2.98
e e e e e e 0.20
e e e e e e 2.50
e e e e e 4 . . 25.6h4

. - . L] - . L] L O
e e e e e e e e 0
e e e e e e e e 0
e e e e e e e Plain
e e e e e e 8.30

c e e e e e e k.50
e s e e e e s 2.61
e e e e e e 1.08

e e e e e e Lo
e e e e e 0.22
e e e e e e 0.08

e e e e e 0.4o0

: e e e e e . 5.67
0

. NACA 66005 (Modified)

e e e e e « +« . 115.34

. e e v . . . . 18.08
o« e e e e e 4 . 7.05
e e e e e s e 10.22

N 2.11
e e e e e e 0.21
e e e e e e 2.83
e e e e e e 45
e e e e e e -15
C e e e e e e e 0.58
2 A

e e e e e e 15
e e e e e 35
e e e e e e e *15
deg . .« . o o 30

oot
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TABIE I.- PHYSICAL CHARACTERISTICS OF THE AIRPLANE - Concluded

Upper vertical tail:

Alrfoil section . . . . . . « « o o o e e 0 e .
Total area, sq ft . . « o « ¢« &+ o+ o ¢« ¢ ¢ o o .
Span, ft . & . 0 0 v e s e e e e e e e e e e
Mean aerodynemic chord, ft . . . . . . « . « . .
Root chord, f£t . . . ¢« ¢« ¢« « &« v v v o v o o .
Tip chord, f£ . « « ¢« « ¢ v ¢ o ¢ ¢ o v o« s o« o
Taper ratio . . . « ¢ « ¢ ¢ v ¢ o o e 00 e .
Aspect ratio . .« . . ¢ ¢ v v e e s 0 e e 0 e .
Sweep at 25-percent-chord line, deg . . . . . . .
Ratio vertical-tail area to wing area . . . . .

Movable surfeace area, sq ft . . . . . . . . . . .
Deflection, deg . . . . . s e e e e e 4 aa e

Sweepback of hinge line, deg e e e s s . e .

Control system . . Irreversible hydraullc boost with

Lower vertical tail:

Alrfoil section . . + « ¢« v v o e e 00 e .
Total area, sqg ft . . . . .+ « ¢ v o v o o o 4
Span, £t . . . + ¢ 4 e 0 v 4 4 4 e e e e e e e
Mean aerodynamic chord, ft . . . . . . « . + . .
Root chord, ft . ¢« ¢« ¢ ¢ ¢ ¢ o o ¢ o ¢ o o o o &
Tip chord, ft . . . « « ¢ ¢« v ¢« ¢ ¢ o o o « o o
Taper ratio . . « o ¢ ¢« ¢ o ¢ ¢ o+ ¢ o 0 & 0 s o
Aspect ratlo . . . & + ¢ v 0 0 e s e e e e e e
Sweep at 25-percent-chord line, deg . . . . . . .
Ratio vertical~tail area to wing area . . . . . .
Movable surface area, sq ft . . . . « « « ¢« «+ +
Deflection, deg . . . e e e e e e e e e e e

Sweepback of hinge llne, deg . .

Control system . . Irreversible hydraulic boost with

Fuselage:
Length, ft . « ¢« ¢ o ¢ ¢ v o o o v s ¢ ¢ o o o
Maximum width, ft . . . « « ¢ ¢ ¢« ¢+ ¢ ¢ ¢ & & o &
Maximum depth, ft . . . . . e e s e s 4 e e e s

Maximum depth over canopy, ft e e s e e s e e e
Side area (total), s@ ft . + & o ¢ ¢ ¢ o o . .

Fineness ratio . « ¢ ¢ ¢ ¢« ¢ o ¢ o o ¢ o « o o &
Speed brake:

Area (each), sq ft . + v v v o o o o o + o o o &

Mean span (each), ft . « ¢« ¢ & ¢ ¢ ¢« « « o« o « .

Chord (each), £t . . « « & v v ¢ o o ¢ o o o o

Deflection, deg . . . ¢ ¢« & & ¢ « o o o & & s o .
Frontal area at maximum deflection, sq ft . . .

Base area (fuselage, side fairings, vertical fins),

Total frontal area (maximum) including wing and
horizontal tall at O° deflection, sq ft . . . . .

. 1l0°

¢ o .

. 10°

single wedge

40.91
4,58
8.95

10.21
7.56
0.7h4
0.51

23.h
0.20

26.45

+7.50

0

artificial feel

single wedge

ar%ifiéial feel

34,4
3.83
9.17

10.21

8
0.78
0.43

23.41
0.17

19.95

+7.50

0

50.75
7.33
h 67

215. 62
10.91

5.37
1.60
3.36

32
13.8

1.1

38.8
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50.75

Figure 2.- Three-view drawing of the X-15 airplane.

feet, except as noted.

A1l dimensions in
Speed brakes shown crosshatched.
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Figure k.,- X-15 viewed from the left rear.

Lower jettisonable vertical

fin has been removed. E-6646
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Figure 5.- Schematic drawing of X-15 base showing location of orifices,
with the interim-engine installation. (Not drawn %o scale,)



20

AR
TITT

Tt
1T
i

11
T

(a)

Upper moveble vertical fin.

sy

T
ma o

(b)

Side fairing.

10

14

1.8

(e)

22 26
M

Fuselage.

34

Figure 6.- Variation of base pressure coefficient with Mach number.
Power off.
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Figure T.- Variation of base pressure coefficient with Mach number.
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(a) Upper movable vertical fin.
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(b) Side fairing.
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Figure 8.- Comparison of power-off and power-on base pressure coefficients.
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Figure 9.- Comparison of power-off and power-on base drag coefficients.
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Figure 10.~ Variation of total base drag coefficient of all base elements
with Mach number.
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Figure 11.- Relationship of base drag coefficient to overall zero lift-
drag coefficient. Power off
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Figure 12.- Comparison of base drag coefficient with X-15 model results.
Power off.
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